Abstract
Introduction
Association between rheumatoid arthritis (RA) and atherosclerotic vascular disease is well recognized and these patients have 4-fold increased risk of cardiovascular disease (CVD). 1 In fact, RA patients die prematurely and CVD is the major cause of excessive mortality. 2 Traditional cardiovascular (CV) risk factors do not adequately account for the extent of CVD in RA. 3 Inflammatory cytokines (TNF-α, IL-1, and IL-6) released from the synovium in RA patients generate a spectrum of proatherogenic changes such as insulin resistance, dyslipidemia, oxidation, upregulation of cellular adhesion molecule expression on endothelial cells, thrombin generation and platelet activation. These in turn contribute to an accelerated atherosclerosis. 4 In addition, patients with RA have a dual abnormality in nitric oxide (NO)-dependent vascular function, characterized by blunted endothelial nitric oxide synthase (eNOS) and enhanced inducible nitric oxide synthase (iNOS) by leukocytes and vascular smooth muscle cells (VSMCs). 1 Endothelial cells (ECs) serve as major targets for these cytokines where they induce the expression of iNOS and produce excessive amount of NO. Consequently, NO reacts with superoxide to form the toxic derivative peroxynitrite (ONOO-) that destroys endothelin layer by nitration of proteins and causes endothelial dysfunction. 5 IL-6 is the most abundant cytokine in RA and increases iNOS expression through gp130 signaling pathway. 6 Patients with high levels of IL-6 are 2-5 times more likely to have myocardial infarction, stroke, and other CV events, and specific evidence-based recommendations exist for CV risk management of RA patients. 7, 8 NO plays a central role in the regulation of blood vessel tone and inflammation. The effect of infliximab, and biologic DMARDs on NO in RA has been studied recently, but the effect of IL-6 blockade on NO has not been investigated. 9 In view of this, we have studied the impact of IL-6 blockade with the humanized recombinant monoclonal antibody, tocilizumab, on NO and its correlation with inflammation and vascular function in RA patients with high disease activity, who were on conventional DMARDs.
Patients and methods
The study protocol was approved by the regional ethical research committee and was performed in accordance with the declaration of Helsinki and the code of Good Clinical Practice. The investigators (two radiologists and one pharmacologist) involved in estimating the two critical components of the study -serum nitrite concentration and flow mediated vasodilatation (FMD) of brachial artery -were blinded to the treatment protocol. Other clinical investigations and assessments of participants were carried by the rheumatologist. All the patients provided written informed consent to participate after a full explanation of the study.
Fifteen patients (aged >18 years) were screened for definite RA, based on the 2010 Rheumatoid Arthritis Classification Criteria for diagnosis and classification of RA. 10 One patient had latent tuberculosis and three patients withdrew their consent to participate in the study. Despite treatment with single or combination conventional DMARDs, eleven patients with definite RA (all women; mean age 51.6±1.4 years) with mean disease duration of 11.36 ± 2.58 years and high disease activity were enrolled in the study from a rheumatology outpatient clinic. All the patients included were having active RA, defined by the presence of modified DAS28 score ≥ 5.1, presence of six or more tender joint count (TJC) and swollen joint count (SJC), and at least two or more of the following: morning stiffness that lasted for at least 30 minutes and erythrocyte sedimentation rate (ESR) ≥28 mm in 1 st hr or serum CRP >2 mg/dl. Patients had to be taking stable dose of DMARDs for at least 3 months before entering the study. Eligible patients were on stable doses of DMARDs [methotrexate (15 mg/wk), hydroxychloroquine (400 mg/day), sulfasalazine (2-3 g/ day) or leflunomide (20 mg/day)] for at least 3 months before entering the study. Oral glucocorticoids (≤10 mg/ day prednisone orequivalent) were permitted, if the doses were stable for 6 weeks. All the subjects were teetotallers and nonsmokers, who were on regular normal diet.
Exclusion criteria were: age <18 years, history of acute inflammatory joint disease other than RA, prior use of biologics, platelet count <1,00,000/mm 3 , serum creatinine level >2 mg/dl, persistently abnormal liver function tests (alanine aminotransaminase (ALT)/aspartate aminotransaminase (AST) >2-fold the upper normal limits), active hepatitis, HIV infection, active tuberculosis, multiple sclerosis, live vaccine administration, insulin dependent diabetes mellitus, uncontrolled type 2 diabetes mellitus (HbA1c >7.0) and hypertension (>160/90 mmHg), history of hyperlipidemia, pregnant and lactating women, active inflammatory bowel or peptic ulcer disease, drug and alcohol abuse, concomitant use of drugs known to affect endothelial function (nitrates, statins, angiotensin converting enzyme inhibitors, angiotensin receptor blockers and beta-blockers), and history of sensitivity to the study medication.
11 Individuals with CVD, renal disease and current smokers were also excluded because these conditions are associated with endothelial dysfunction and arterial stiffening. Serum nitrite levels and flow-mediated dilation (FMD) were also estimated in 10 age-and sex-matched healthy controls.
All the patients continued their DMARD regimen and added tocilizumab at a dose of 8 mg/kg every 4 weeks, as a 60 minute intravenous infusion. Patients were monitored for 24 h after infusion, for possible adverse effects.
Assessment
In all subjects, the following hematological and other laboratory tests were determined by established protocol using standard kits: hemoglobin, total leucocyte count, differential leucocyte count, platelet count, serum creatinine, liver enzymes, serum uric acid, lipid profile, ESR, and CRP.
Disease activity and inflammation
Clinical evaluation of inflammation in terms of ESR and CRP levels, and disease activity using DAS28 ESR (4) were performed at baseline and after 12 weeks. 12 The Indian version of Health Assessment Questionnaire-Disability Index (HAQ-DI) completed by each subject was used to assess their disease activity and functional capability. 13 
Serum nitrite concentration
Nitric oxide was directly determined as nitrite by a spectrophotometric method, using serum samples collected after at least 14h of fasting. [14] [15] [16] Gaseous NO free radical is rapidly metabolized to nitrate or nitrite, hence measured nitrite concentration is taken as an index of NO production.
14 Nitrite is also not influenced by dietary variation.
15
All the subjects were teetotallers and nonsmokers and taking a normal regular diet. Subjects were asked to fast after the evening meal at 6.00 pm till 8.00 am next morning, when the sample was obtained. 17 Samples were estimated in duplicate and mean of two estimations was considered for further assessments.
Assessment of endothelial function
Flow-mediated vasodilation and nitroglycerin-induced (400 µg sublingual tablet) vasodilation of the brachial artery were determined by standardized method using a highresolution ultrasound vessel wall tracking device with a 10-MHz linear-array transducer (Voluson E6 BT10 version; GE, Zalsburg, Austria), as described in earlier studies. 18 Two radiologists involved in FMD determinations were blinded to the treatment protocol. FMD was performed a day before the scheduled dose of biologic treatment. Subjects were asked to fast without water, for at least 12h prior to being assessed. Subjects lay supine for 20 min before the first vascular ultrasound scan was conducted. FMD of the brachial artery was induced by release of a wrist cuff inflated to supra-systolic pressure for 5 min. Recording of arterial diameter commenced 30 sec before cuff deflation, and continued for 3 min with recordings at every 15 sec. After a rest period of 10 min, when brachial artery diameter had returned to baseline levels, a second baseline scan was recorded. This was followed by sublingual administration of nitroglycerin and the diameter was recorded every 30 sec for 5 min. 18 FMD was assessed at baseline and after 12 weeks of study treatment. FMD was calculated as:
Statistical analysis
Results are presented as mean ± SEM. Differences in parameters before and after tocilizumab treatment were examined by 2-tailed paired student t-test. Measurement of FMD represents the maximal increase in brachial artery diameter and is expressed as percent change from baseline. Univariate correlation analysis was used to examine the relationship between serum nitrite concentration, FMD, DAS28 and CRP at baseline and after therapy. Statistical significance was accepted at P ≤0.05.
Results
Patient profile: The baseline demographic and clinical characteristics of the patients and controls are presented in table 1, and patient characteristics documented before and after therapy are presented in table 2.
Tocilizumab improves serum nitrite concentration
In healthy volunteers, mean serum nitrite level was 5.0±0.11 µmol/L. Serum nitrite levels were higher in RA patients when compared to healthy controls (P <0.01) at baseline ( Table  1) ; and decreased from 7.41±0.18 to 6.13 ±0.19 (P <0.001) ( Table 2 ) after 12 weeks of treatment with tocilizumab ( Fig.1) .
Tocilizumab improves vascular function
Endothelial-dependent FMD improved significantly from 8.21±0.88 to 14.60±0.96 after 12 weeks of treatment with tocilizumab (P <0.001), while endothelial-independent vasodilation, induced by nitroglycerine, remained unchanged (19.47±0.99% vs. 20.06±0.74%; P = 0.50). There was no significant difference in brachial artery diameter from baseline to end visits (2.78 ± 0.12 vs. 2.88 mm ± 0.16; P = 0.25) ( Table 2 ). FMD at baseline was significantly impaired in RA patients when compared to matched controls (8.21±0.88 vs. 20.0 ± 1.2, P <0.001). In addition, mean baseline diameter for the groups did not differ significantly (2.78±0.12 vs. 2.98±0.19 mm, P >0.05) ( Table 1) .
Tocilizumab improves inflammatory disease activity
All of the subjects had high disease activity, as reflected by DAS28 score ≥5.1. After 12 weeks of treatment, disease activity of nine patients had fallen to moderate levels (3.2 to 5.1), that for one patient achieved low (≤3.2) while for another, it was maintained at a high disease activity. Overall, a composite DAS28 score improved significantly from 6.59 ± 0.24 to 4.47 ± 0.24 (P = 0.005) after treatment ( Table 2) .
HAQ-DI scores decreased significantly from 2.17 ± 0.14 to 1.08 ± 0.97 (P <0.001) ( Table 2) . Consistently, ESR decreased significantly from 57.45 ± 8.9 to 25.27 ± 5.11 mm in the first hour (P = 0.005) and CRP level decreased from 34.87 ± 8.01 to 13.38 ± 3.60 mg/dL (P = 0.004) after treatment ( Table 2) . 
Association of serum nitrite with inflammatory disease activity and endothelial function
At univariate analysis, significant positive correlation was observed for serum nitrite with DAS28 (r = 0.715, P = 0.011*) and CRP (r = 0.745, P = 0.008*) at baseline (Table 3) ; and significant negative correlation was observed for serum nitrite with FMD (r = -0.683,P =0.020*) at baseline (Table 3) . After therapy, significant positive correlations of serum nitrite with DAS28 (r = 0.652, P = 0.010*) ( Fig. 2A) and CRP (r = 0.710, P = 0.014*) were sustained, so also the negative correlation with FMD (r = -0.755, P = 0.007*) (Fig.2B ) as indicated in table 3.
Safety profile
Tocilizumab did not produce any significant change in hematological and biochemical profile of the patients. None of the patients reported any serious adverse effect. One patient reported gastroenteritis 
Discussion
This is the first study to investigate the impact of tocilizumab on NO, in biologic-naïve RA patients. NO has an important role in the pathogenesis of RA and acts as a key mediator of apoptosis within the RA joints. It stimulates a variety of pro-inflammatory cytokines activated through iNOS. 19 production of large amount of NO, but the response to NO is decreased. 21 In an oxidative environment, NO damages vascular endothelium through nitration of proteins. Although tocilizumab is a humanized anti IL-6 receptor antibody with impressive effects on musculoskeletal inflammation in RA, it impacts nitric oxide synthases as well as it blocks the activation of iNOS by interfering with the gp130 signaling pathway and thus inhibiting NO release. 6 IL-6 upregulates AT1R gene expression and may lead to increased angiotensin II (Ang II)-mediated vasoconstriction and reactive oxygen species (ROS) production, in turn leading to endothelial dysfunction. 22 Moreover, it has been suggested in some studies, that the effect of Ang-II on endothelial function is attributable to O 2 mediated inactivation of NO. 23, 24 Additionally, IL-6 expression may be an important link between Ang IIinduced increase in NAD(P)H oxidase activity, thereby limiting the bioavailability of NO for normal vascular responses. 25 Therefore, NO may prove to be an important therapeutic target in inflammatory diseases like RA, that has not yet been investigated with tocilizumab.
The current study subjects, with active RA disease and being biologic-naïve, exhibited increased serum nitrite concentration at baseline. These results are in accordance with previous studies, and attributed to increased iNOS expression and enhanced NO formation.
26, 27 iNOS activity is very low in normal conditions and is stimulated during inflammation by cytokines, such as IL-6, and the amount of NO produced by iNOS may be 1,000-fold greater than that produced by endothelial NOS, leading to local (synovial fluid) and systemic increase in nitrite and nitrate concentrations. Thus, depending on the concentration of NO, it can act as a pro-or anti-inflammatory agent. 6 Elevated nitrite levels associated with an active disease suggest that enhanced NO formation may be correlated with enhanced inflammatory diseaseactivity in RA. * Significance P <0.05
Fig.2A: Correlation between nitrite concentration and DAS-28 after treatment
After 3 months of treatment with tocilizumab, the significant reduction noted in serum nitrite concentration (P <0.001) suggests that IL-6 blockade also has a beneficial impact on NO in active RA, similar to TNF-α blockade. 6 A significant improvement in clinical assessment of DAS28 (P <0.001) suggests reduction in inflammatory disease activity. The improvement in DAS28 with tocilizumab was similar to the study results of 'OPTION'. 29 Moreover, significant positive correlation of serum nitrite with DAS28 (P = 0.01) after therapy suggested that decrease in serum nitrite level parallels decrease in disease activity. All the patients included in the present study had high disease activity (DAS28 >5.1) and demonstrated an improvement to moderate severity (3.2 to 5.1) after treatment with tocilizumab. Moreover, the compliance of the efficacy results for tocilizumab with previously published ADACTA study adds credibility to the present study design and findings.
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CRP contributes directly to the pathogenesis of endothelial dysfunction and atherosclerosis. It has been shown to be associated with CVD in rheumatoid arthritis, as it decreases eNOS expression by destabilizing its mRNA, and increases the expression of endothelial adhesion molecules, like ICAM, VCAM, E-selectin and MCP-1. 32, 33 Significant reduction in CRP and ESR noted in the present study reflects a reduction in the severity of systemic inflammation after treatment with tocilizumab. Elevated serum CRP levels may be due to an increased production of IL-6 induced by the activated monocytes, and tocilizumab is known to inhibit the action of IL-6, thereby reducing the production of acute phase proteins, such as CRP and fibrinogen from hepatocytes. 31 A significant correlation of serum nitrite with CRP at baseline (P <0.05), and after treatment (P <0.05) suggests decreased iNOS expression and formation of NO that signals a reduction in systemic inflammation.
A blunted vasodilator response to FMD was also noted for the treatment group compared to the control group. Inflammation has the potential to impair FMD and the observed blunted response implies a decrease in NO bioavailability (due to decreased expression of eNOS) and this may lead to an elevated CVD risk due to accelerated atherosclerosis. A decrease in FMD could be independently predicted by increased ESR and inflammatory DAS28. Increased production of NO in RA due to the activation of iNOS and an attenuation of eNOS activity reduces basal FMD. This argument supports the observation that IL-6 blockade has also shown significant (P <0.001) improvement in vascular endothelial function Fig.2B: Correlation between nitrite concentration and flow mediated dilation (FMD) after treatment of the brachial artery, in addition to disease amelioration as evidenced by reduction of CRP, ESR, and DAS28 scores. We also found a significant negative correlation between nitrite and FMD (r = -0.683), P = 0.020). This is in line with previous studies suggesting that there is decreased iNOS expression and NO production through increase in eNOS, which has favorable effect on FMD. 27, 34 In the current study, subjects demonstrated FMD in the range of 7-9%, signifying a moderate risk of CVD. The improvement in FMD (14.6%) noted after 3 months of therapy with tocilizumab decreased the CVD risk. In a recent study, the subjects had a baseline FMD of 3.3% signifying high CVD risk, which subsequently increased to 4.4% and 5.2% after 3 and 6 months of treatment, respectively. However, the study findings indicated that these patients had high CV risk, despite improvement in FMD. 35 In the present study, improvement in FMD could also have resulted from the improvement in general inflammatory state that characterizes RA. The significant increase in the FMD response, but not the NTG response, suggests that after treatment with tocilizumab, there is an increase in NO bioavailability, but not the sensitivity of vascular smooth muscle to NO.
A small but non-significant increase in total cholesterol and triglycerides observed in the treatment group, compiles with the previous data on tocilizumab, showing that the increase may be due to anti-IL6 treatment.
31,
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This may be secondary to the improvement in inflammation. Furthermore, no clinical symptoms or CV events associated with increase in total cholesterol were reported. In contrast to previous study findings, a marginal, though non-significant, increase in HDL-and reduction in LDL-cholesterol was observed in the present study.
The HAQ-DI is a standard and validated instrument for self-assessment of health status in RA. Previous studies have shown that patients treated with tocilizumab had a clinically meaningful improvement in physical function, and the current observations are consistent as indicated by a significantly improved HAQ-DI (P <0.01), reflecting substantial functional benefits for the patients.
37
Two patients reported adverse events during the study period -one had an episode of upper respiratory tract infection and the other had gastroenteritis. The severity of adverse events is consistent with that described in previous reports, but the incidence rate is relatively low, possibly due to small number of patients and shorter duration of the study.
36, 37
The present study, a pioneering one to the best of our knowledge, has demonstrated a significant decrease in serum nitrite concentration. Although the magnitudes may appear to be small, majority of the treated subjects had moderate disease activity after 12 weeks of treatment with tocilizumab. However, small sample size, shorter duration, and not having a placebo arm are the limitations of the study. Serum nitrite is a better marker for detection of endothelial dysfunction than other inflammatory markers. The impairment in NO balance is the underlying cause for endothelial dysfunction, the main cause of CVD in RA. Reduced serum nitrite concentration after treatment with tocilizumab, and consequent improvement in inflammatory disease activity and endothelial dysfunction provides a promising strategy to manage RA and its complications.
